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CYCUC GMP-SPECIFIC PHOSPHODIESTERASE INHIBITORS 

This invention relates to a series of tetracyclic derivatives, to processes for 
their preparation, pharmaceutical compositions containing them, and their use 
as therapeutic agents. In particular, the invention relates to tetracyclic 
derivatives which are potent and selective Inhibitors of cyclic guanoslne 3',5'- 
monophosphate specific phosphodiesterase (cGMP specific PDE) having utility 
in a variety of therapeutic areas, where such inhibition is thought to be beneficial, 
including the treatment of cardiovascular disorders. 

Thus, according to a first aspect, the present invention provides compounds 
of formula (I) 

o 




(I) 



and solvates (e:g. hydrates) thereof, in which: 
R° represents hydrogen, halogen or C-j^ alkyi; 
R"" represents hydrogen or C -J ^alkyl; 
represents the bicyclic ring 




0- 

which may be optionally substituted by one or more groups selected from 

halogen and Ci^alkyl; 

and 

R' represents hydrogen or Ci.3alkyl. 

The term "halogen" as used herein, denotes bromine, chlorine, fluorine and 
iodine. 

The terms "Ci.3alkyl" and "Ci^alkyl" as used herein denote a straight or 
branched alkyI chain such as methyl, ethyl, l-propyl, n-butyl. pentyl.hexyl orthe 
like. 

A particularly prefen-ed subgroup of compounds according to the present 
invention, are. compounds wherein R" represents hydrogen. 
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A further preferred isubgroup includes compounds wherein R\ is selected from 
hydrogen, methyl and iso-propyl. ' . 

Preferably, represents the unsubstituted bicyclic ring 

A still further subgroup of compounds of formula 0). are compounds wherein 
R represents hydrogen or methyl. 

It is to be understood that the present invention covers all appropriate 
combinations of particular and prefen^ed groupings hereinabove. 

The compounds of fomnula (I) may contain one or more asymmetric centres 
,=JDiJhusjcan.j»st^as=enantioraers=^^ 
that the Invention includes both mixtures and separate individuial isomers of the 
compounds of fomnula (I). Particulariy preferred are 6R and 12aR isomers. 

Particular individual compounds of the invention include: 
(6R,12aR)-2,3,6,7,12,12a-Hexahydro-6-(5-ben2ofuranyl)-2-methyl-pyrazlno 
[2', 1 'ce , 1 ]pyrido[3,4-b]indoie-1 ,4-dione; 

(6R,12aR)-2,3,6,7,12,12a-Hexahydro-6-(5-benzofurahyl)-pyrazino[2M':6,1] 
pyrido [3,4.b]!ndole-1,4-dione; 

(3S, 6R, 12aR)-2,3.6,7,12,12a-Hexahydro-6-(5-benzofuranyl)-3-methyl- 
pyrazino[2M':6,1] pyrido [3,4-b]indole-1. 4-dione; 

(3S, 6R, 12aR)-2,3,6,7.12,12a-Hei<ahydro-6-(5-benzofuranyl)-2,3-dimethyl- 
pyrazino[2M':6.1] pyrido [3.4-b]lndol6-1, 4-dione; 

(6R,12aR)-2,3,6,7J2,12a-Hexahydro-6-{5-benzofuranyl)-2-isopropyl-pyrazino 
i2'.r:6,1] pyrido [3,4-b]indole-1,4-dione; 

and ph^iologically acceptable solvates (e.g. hydrates) thereof, 
A most, particular compound of the invention is 

(6R,12aR)-2,3,6,7,12,12a-Hexahydro-6-(5-behzofuranyl)-2-methyi-pyrazino 

I2M ':6, i]pyrido[3,4-b]indole-1 , 4-dione; 

and physiologically acceptable solvates (e.g. hydrates) thereof. 

It has been shown that compourids of the present invention are potent and 
selective-inhibltGrs-of-cGMPspecific-PDE:— Thusrcompounds-offormula-(l)-are 
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of interest for use in therapy, specifically for the treatment of a variety of, 
conditions where inhibition of cGMP specific PDE is thought to be beneficial 

As a. consequence of the selective PDE 5 inhibition exhibited by compounds 
of the present invention, cGMP levels are elevated, which in turn can give rise to 
beneficial antl-platelet, anti-neutrophii,"ianti-vasospastic, vasodilatory, natriuretic 
and diuretic activities as well as potentiation of the effects of endothelium- 
derived relaxing factor (EDRF). nitroyasodilators, atrial natri^ 
brain natriuretic peptide (BNP), C-type natriuretic peptide (CNP) and 
endothelium-dependent relaxing agents such as bradykinin, acetylcholine and 5- 
^ HT^. The compounds of formula (I) therefore have utility in the treatment of a 
number of disorders, including stable, unstable and variant (Prinzmetal) angina. 
iTypertension, . pulmonary hypertension, congestive heart failure, renal failure, 
^herosclerosis, conditions of reduced blood vessel patency (e.g. ..post- 
percutaneous transluminal coronary angioplasty), peripheral vascular disease, , 
vascular disorders siich as Raynaud's disease, inflamhiatory diseases, stroke, 
bronchitis, chronic asthma, allergic asthma, allergic rhinitis, glaucoma, erectile 
dysfunction and diseases characterised by disorders of gut motility (e.g. im'tabie 
bowel syndrome). 

It will be appreciated tiiat references herein to treatment extend to; 
prophylaxis as well as treatment of established conditions. !. . 

It will also be appreciated that 'a compound of fomaula (l),Vor a physiologically^r; 
acceptable salt or solvate tiiereof can be administered as the raw compound, or 
as a pharmaceutical composition containing either entity. 

There is thus provided as a further aspect of the invention a compound of 
fomiula (!) for use in tiie treatment of stable, unstable and variant (Prinzmetal) 
angina, .hypertensi hypertension, chronic obstructive pulmonary 

disease;:^OTngestive h renal failure, atherosclerosis, conditions of 

reduced blood vessel patency, (e.g. post-PTCA), peripheral vascular disease, 
vascular disorders such as Raynaud's disease, inflammatory diseases, stroke, 
bronchitis, chronic asthma, allergic asthma, allergic rhinitis, glaucoma, erectile 
dysfunction or diseases characterised by disorders of gut rnotility (e.g. IBS). 

According to another aspect of the invention, there is provided tiie use of a 
compound of formula (I) for the manufacture of a medicament for the treatment 
of stable, unstabi and variant (Prinzrnetal) angina, hypertension, pulrrionary 
hypertension ^. chronic obstructive pulmonary disease, congestive heart failure, 
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renal failure, atherosclerosis, conditions of reduced blood vessel patency, (e.g. 
post-PTCA), peripfieral vascular disease, vascular disorders such as Raynaud's 
disease, inflammatory diseases, stroke, bronchitis, chronic asthma, allergic 
asthma, allergic .rhinitis, glaucoma, erectile dysfunction or diseases 
characterised by disorders of gut motility (e.g. IBS). 

In a further aspect, the invention provides a method of treating stable, 
unstable and variant (Prinzmetal) angina, hypertension, pulmonary 
hypertension, chronic obstructive pulmonary disease, congestive heart failure, 
renal failure, atherosclerosis, conditions of reduced blood vessel patency, (e.g. 
post-PTCA), peripheral vascular disease, vascular disorders such as Raynaud's 
disease, inflammatory diseases, stroke, bronchitis, chronic asthma, allergic 
asthma, allergic rhinitis, glaucoma, erectile dysfunction or diseases 
^.£li§il£l^i§i.fey»disorder^ 
animal body which comprises administering to said body a therapeutically 
effective amount of a compound with formula (I). 

Compounds of the invention may be administered by any suitable route, for 
example by oral, buccal, sub-Iirigual, rectal, vaginal, nasal, topical or parenteral 
(including intravenous, intramuscular,' subcutaneous and Intracoronary) 
administration. Oral administration is generally preferred. 

For administration to man in the curative or prophylactic treatment of the 
disorders identified above, oral dosages of a compound of fonnuia (I) will 
generally be in the range of firom 0.5-800mg daily for an average adult patient 
(70kg). Thus for a typical adult patient, individual tablets or capsules contain 
from 0.2-400mg of active compound, in a suitable phannaceutically acceptable, 
vehicle or earner, for administration in single or multiple doses, once or several 
times per day. Dosages for intravenous, buccal or sublingual administration will 
typically be within the range of from 0.1-400 mg per single dose as required. In 
practice the physician will detemiine the actual dosing regimen which will be 
most suitable for an individual patient and it will vary with the age, weight and 
response of the particular patient. The above dosages are exemplary of the 
average case but there can be individuar instances in which higher or lower 
dosage ranges may be merited, and such are within the scope of this invention. 

For human use, a compound of the fomiula (I) can be administered alone, but 
wiiUgenerally- be- administered-in -admixture -with a- pharmaceutical -carrier 
selected with, regard to the intended route of administration and standard 



wo 97/03985 



PCT/EP96/03025 



pharmaceutical practice. For example, the compound may be administered 
orally, buccally or sublingually. in the form of tablets containing excipients such 
as starch or lactose, or In capsules or ovules either alone or in admbdure with 
excipients, or in the form of elbcirs or suspensions containing flavouring or 
colouring agents. Such liquid preparations may be prepared with 
pharmaceutically acceptable additives such as suspending agents (e.g. 
methylcellulose, a semi-synthetic giyceride such as witepsol or mixtures of 
glycerides such as a mixture of apricot kernel oil and PEG-6 esters or mixtures 
of.PEG-8 arid capryllc/capric glycerides). A compound may also be injected 
parenterally, for example intravenously, intramusculariy. subcutaneously or 
intracoronarily. For parenteral administration, the compound is best used in the 
form of a sterile aqueous solution which may contain other substances, for 
example salts, or monosaccharides such as mannttbl or glucose, to make the 
solution isotonic with blood. 

Thus, the invention provides in a further aspect a phamiaceutical composition 
comprising a compound of the formula (!) together with a pharmaceutically 
acceptable diluent or carrier therefor. 

There is further provided by the present invention a process of preparing a 
pharmaceutical composition, comprising a compound of formula (I), which 
process comprises mixing a compound of formula (I) together wrth a 
phamhaceutically acceptable diluent or carrier therefor. 

A compound of formula (I) may also be used in combination with other 
therapeutic agents which may be useful in the treatment of the above-mentioned 
disease states. The Invention thus provides, in another aspect, a combination of 
a compound of formula (I) together with another therapeutically active agent. 

The comfaination referred to above may conveniently be presented for use in 
the fbmi of, a pharmaceutical formulation and thus phamnaceutical compositions 
comprising a combination as defined above togettier with a pharmaceutically 
acceptable diluent or earner comprise a further aspect of the invention. 
^ The individual components of such a combination may also be administered 
either sequentially or simultaneously in separate pharmaceutical formulations. 

Appropriate doses of known therapeutic agents for use in combination with a 
compound of fomiula (I) will be readily appreciated by those skilled in the art. 

Compounds of fomiula (I) may be prepared by any suitable metiiod known in 
the art or.by the following processes which form part of the present invention. In 
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the methods below R , R , R and R^ are as defined in formula (I) above unless 
otherwise indicated. 

Thus, a first process (A) for preparing a compound of fonnula (I) comprises 
treating a compound of fomnula (II) 

O 




OAlk 

N^CHHal (") 
r2 O R^ 

(in which Alk represents Ci^alkyl, e.g: methyl or ethyl, and Hal is a halogen 
atom, e.g. chlorine) with a primary amine RINH2 in a suitable solvent such as 
an alcohol (e.g. methanol or ethanol) or a mixture of solvents, conveniently at a 
temperatuta.ofJ:om^200^^^^ 

According to a second process (B) for preparing a compound of formula (I) 
comprises hydrogenating a compound of fomiuia (III) 



OAlk 




in which Alk is defined as above and Cbz represents a carbobenzyioxy groupi in 
the presence of a catalyst e.g. palladium on activated cariDon in a suitable 
solvent such as an aicohoi, e.g. methanol or ethanol, at elevated temperature. 

A compound of formula (II) may conveniently be prepared by treating a 
compound of formula (IV) 

O 

^ ^ 11 

OAlk 

NH ' <'V) 

, Fe .. , ; 

with a haloacetyl halide (e.g. chloroacetyl chloride) in a suitable solvent such as 
a halogenated hydrocariaon (e.g. trichloromethane or dichioromethane), or an 
ether (e.g. tetrahydrofuran), preferably in the presence of a base such as an 
organic amine-(e:gr a trialkylamine~such-as-triethylamine) -o'r-an- aikaii-metal" 




wo 97/03985 



PCT/EP96/03025 



carbonate or bicarbonate (e.g. NaHCOs). The reaction may conveniently be 
effected at a temperature of from -20^0 to +20OC (e.g. at about QOC). 

A compound of formula (!V) may conveniently be prepared from a tryptophan 
alkyi ester of fonnula(\/) 



.Jhis step comprises a Pictet-Spengler cyciisation between a compound of 
^^Sn^'s (V) and an aldehyde r2cH0. The reaction niay conveniently be 
effected in a suitable . solvent such as a halogenated hydrocarbon (e.g. 
dichloromethane) or an aromatic hydrocarbon (e.g. toluene) in the presence of 
an acid such as trifluoroacetic acid. The reaction may conveniently be cam'ed ^ 
out at a temperature of from -20OC to reflux to provide a compound of formula 
(III) in one step. The reaction may also be earned out in a solvent such as an 
aromatic hydrocarbon (e:g. benzene or toluene) under reflux, optionally using a 
Dean-Stark apparatus to trap the water produced. The reaction provides a 
mixture of cis and trans isomers which may be either individual enantiomers or 
racemates of pairs of cis or trans isomers depending upon whether racemic or 
enantiomerically pure tryptophan alkyI ester was used as the starting material. 
Individual cis or trans enantiomers may conveniently be separated from mixtures 
thiereof by fractional crystallisation or by chromatography (e.g. flash column 
chromatography) using appropriate solvents and eluents. Similariy, pairs of cis 
and trans isomers may be separated by chromatography (e.g. flash column 
chromatography) using appropriate eluents. An optically pure trans isomer may 
also be converted to an optically pure cis isomer using suitable epimerisation 
procedures. One such procedure comprises treating the trans isomer or a 
mixture (e.g. 1 : 1 mixture) of cis and trans isomers with methanolic or aqueous 
hydrogen chloride at a temperature of from 0^0 to the refluxing temperature of 
the solution. The mixture is then subjected to chromatography (e.g. flash 
column chromatography) to separate the resulting diastereoisomers. • 

A compound of formula (III) may be prepared by reaction of a compound of 
formula (IV) as hereinbefore described, with a compound of fonmula (VI) 



O 
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• ^Cbz 
(Vl) 

wherein Cbz is defined above. Suitably, the reaction is carried out in the 
presence of 1 ,3-dicyclohexyl cariDodlimide (DCC), in a solvent such as 
halogenated hydrocarbon (e.g. dichloromethane) from CC to room temperature. 

Compounds of fomiula (V) and (VI) are known compounds or may be 
prepared by standard methods hereinafter described. 

Compounds of the invention may be isolated in association with solvent 
molecules by crystallisation from or evaporation of an appropriate solvent. 

Thus, according to a further aspect of the inyention, vye provide a process (C) 
for preparing a compound of formula (I) or a solvate (e.g. hydrate) thereof which 
_comRnses„pxocess,{A).or_(B)=as,hereinbefore.described.. 

i) an interconversion step; and/or either 

ii) . solvate (e.g. hydrate) formation. 

The synthesis of the compounds of tine invention and of the intermediates for 
use therein are illustrated by the following, non-limiting Examples. 

Intermfiriiaii qs 1 anri 7 

f1R . 3R)-Mftth vl 1. 2 3 4 - tetr a h vdro-1- ( 5-benzQfuranyn-9H-ovridnf.'^ 4-b]indole-3- 

CarbOXVlatft. Cis iRnqq«»r^pr| 

(1S . 3R)-methvl 1 .2,3 4-tetrahvdrQ-1-/5 - ben2ofuran9n-9H-Dvririnf3.4-b1indQle-3- 
carboxvlate trans isnnnqr 

To a stirred solution of D-tryptophan methyl ester (3.73g) and 5-formy(- 
benzofuran- (?.5 g) in anhydrous dichloromethane ( 100 ml) cooled at 0°C was 
added dr:ppwBe trffluoroacetic acid (2.63 mL) and the solution was allowed to 
react at arriblent temperature. After 72 hours, the solution was washed with a 
saturated aqueous solution of NaHCOa, thien witfi water and dried over 
Na2S04.The organic layer was evaporated under reduced pressure and the 
residue was purified by flash chromatography eluting with dichloromethane / 
ethyl acetate (90/10) to give first the cis isomer (Intennediate 1) (3 g) as an 
amorphous compound, followed by the trans isomer (Intermediate 2) (2.5 g) as 
white erystalsr^m:pr:194-i95"'Cr ■ ■ ' — — 
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'The synthesis of 5-formy|.benzofurah is described in Chimie Therapeutique 4 
pp 221-227 (1966). 

Intermgdj^tft ? 

(1 R . 3R)-Mf^thYl 1 ■ 2.3.4-tfttrahvdro-1-/5-benzof. j ra nvlV?^htnrr^ ^^^lYl-°H- 
PVric(Qf3.4-h7indolf>-r^.r^rhl?ri1nt? 

To a stirred solution of Intermediate 1 (2 g) and triethylamine (0.88 ml) in 
anhydrous dichloromethane (40 , mL) cooled at O'C was added dropwise 
chloroacetylchloride (0.5 mL) and the solution was stirred at the same 
ternperature for 1 hour. The solution was washed with water, dried over Na2S04 
and evaporated to dryness and the residue was crystallised from methanol to 
give the title COmpoiinfl (1.8 g) as pale yellow crystals, 
m.p. : 227-228'C. 

tntermsriiqtft 4 

f 1 R . 3RVMqthvl 1 ■ 2 . 3 , 4-tetrah v f1r o-1-r5-ben?ofijranvlV?-r?-/.«;^. 
t3en^jQyynqrhonvlamlnnnrnnionvn-9H-pvriri n r3.4-b]inrinlP-r^-carhnyy <flfP 
To a stirred solution of (S)-2-benzyloxycarbonylaminopropionic acid (1.3 g) and 
1,3-dicyclohexyl carbodiimide (DCC) (1.2 g) in anhydrous dichloromethane (50 
ml) at O'C was added Intermediate 1 (1.0 g). The resulting mixture was stirred 
for 72 hours then the resulting precipitate filtered off, The filtrate was 
evaporated to dryness and the residue purified by flash chromatography, eluting 
with cydohexane/ethyl acetate, (60/40) to give the title enmp n..nri as white 

m.p. : 9l;i 
Interni^^^ 

f1R . 3R)H^flfhvfl.2.3 4-tetrahvrirQ-1-r5-ben7nfiir q nvh-2.r?-/.<^^- 
benzyl0XVrflrhQnYlmffthvlqmino)prOPionvn-flH-DVridQr3A4.] inri c|e-3-earfanyy lafP 
The same procedure as employed in the preparation of Intermediate 4 but 
starting fl-om 2r(S)-ben2yloxycari3onylmethylamino)propionic acid (0.82 g) and 
using Intemiediate 1 (0.6 g), DCC (0.72 g) and dichloromethane (25 ml) gave 
after chromatography, eluting with cycloh Xane/ethyl acetate (70/30), the title 
fiSmcQUOd as a white foam. 
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NMR (240MHz. CDCIS) 5 7.7(s,1H). 7.6(d,2H). 7.4-7.05(m,11H). 6.6(d,1H). 
5.4-5.0(m.4H),3.5(d,1H), 3.0(m,1H). 2.9.2.7(m,6H), 2.6(dd.1H). 1.3(s.3H). - 

Example 1 

(SR . 129RV? 3 . 6.7, 1 2 1?a-HexahvdrQ.6-r5-ben2ofuranvh. ? .methyl.pyrfl7inn 
f2'.1':6.nnvridQr3.4-h]inHr>lp-1 

To a stirred suspension of Intermediate 3 (0.42 g) in methanol (30 mL) was 
added at ambient temperature a solution of methylanriine (33% in EtOH) (0.47 
mL) and the resulting mbcture was heated at 50'C urider for 72 hours. The 
solvent was removed under reduced pressure and dissolved in 
dichloromethane. After washing with water, drying over Nia2S04 and evaporating 
to dryness, the crude product was purified by crystallisation from methanol to 
give the title iMmpn^^^ 

m.p. : 291-293''C " ^ - - - _ „ . 

Analysis for CjaHigNaOa: 
Calculated: C,71.68;H,4.97;N, 10.90; 
Found:C,71 .5;H,4.91 ;N. 1 0.74%. 
Iaf°D = +55.7"(C=1;CHCl3): 

The following compounds were obtained in a similar manner 
Example ? 

fgR.12aR)-? 3.g.7.12 1?R-Hexahvdro-6-f5-ben20furanvn . Dvra?innp' r-fi 1] 
PVridQ r3 4-h1indole-1 A.riir^^^ 

The same procedure as employed in the preparation of Example 1 but 
starting from ammonia and Intennediate 3 gave, after recfystallisation from 

methanoll^tHe title eompotmri as white rrygtale 

m.p. : 3>H#I1«C: 

Analysis for C22H17N3O3 (0.4 MeOH): 
Calculated: C,70.03; H.4.88; N,10.94; 
Found: C,70.01; H,4.8; N, 10.61%; 
[af °D = +60.4' (C=0.5;pyridine). 
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(gRJ2aRV2 , 3 , 67,1?1?q-Hf»xahvdro-6-r?)-hftn2Qfuranvn-?.i s oorQpvl.px/ra7inn 
r2'.r:6.n OVririo ra 4.h]inrinlA-1 ^inno 

The same procedure as employed in the preparation of Example 1 but 
starting from isop ropy (amine and Intermediate 3 gave, after recrystallisation from 
methanol, the litlg.samE!JM]ti[ as white crystals, 
m.p. : 291-292''C 

Analysis for C25H23N3O3 (0.6 MeOH): 
Calculated: C,71. 06; H,5.92: N,9.71; 
Found: 0,70.94; H,5.62; N,9.77%. 
[af°b = +37.9°(C=1;CHCl3). 

Example A 

f3S . ~gR , 1?bR)-2.3,6 7 1? 1?a-Hexahvdro-6-(5-ben?QfuranyiU'^.moft^y[. 
pvrazlnQr2' r-fi n pvririn \\ ^-h ^mdoie-i ^^lone: 

A solution of Intermediate 4 (0.3 g) in the presence of 10%Pd/C (30 mg) in 
methanol (10 ml) was stirred under an atmosphere of hydrogen at 50 'C for two 
hours. The reaction mixture was cooled, filtered through. Cellte; the filter cal<e 
washed with methanol and the filtrate evaporated in vacuo The residue was 
purified by flash chromatography, eluting with dichloromethane/methanol (98/2) 
to give the title compound as white crystals after recrystallisation from methanol 
(0.15g) 

m.p. : 150-151 'C 

Analysis for C23HigN303 (O.IMeOH) 
Calculated: C,71.39; H,5.03; N.IO.SI; 
Found: C,71.08; H,5.16; N,10.50%; 
Ia]^°D = +5(^(G=0.25; CHCI3). 

Exampifl 

^ — SR 12aRV2.3.6.7.12.12a-HexahvdrQ-6-/5-ben7Qf uranvn-2 3-dimsfhvi- 

PVrazinQr2' r-fi.ll pyririn 4- hlindQl6-1 4-diQne- 

The same procedure as employed in in the preparation of Example 4 but 
starting fi-om Intemiediate 5 (0.52 g) and using 10%Pd/C (50 mg) in methanol 
(20 ml) gave, after recrystallisation from methanol, the title eomnnnnri as white 
crystals (40 mg). 
m.p. : 323-324''C 



wo 97/03985 



PCT/EP96/03025 



12 

Analysis for C24H21N3O3. (0.1 Methanol) 
Calculated: G.71.52; H,5.35; N,1G.43; 
Found: C,71. 71; H,5.44: N,10.39%; 
[afo = +53' (C=0.a5; CHCI3). 

TABLETS FOR ORAL AnMIMIRTRATinM 



Dirent Comprgigsinn 



1. 


mg/tablet 


Active ingredient 


50.0 


Crospovidone USNF 


8.0 


.Magnesium=Stearate-Ph-Eur- — 




Anhydrous Lactose , 


141.0 


The active ingredient was sieved and blended with the excipients. The 


resultant mix was compressed into tablets. 




2. 


mg/tablet 


Active ingredient 


50.0 


Colloidal Silicon Dioxide 


0.5 


Crospovidone 


8.0 


Sodium Lauryl Sulphate 


1.0 


Magnesium Stearate Ph Eur 


1.0 


Microcrystalline Cellulose USNF 


139.5 



The active ingredient was sieved and blended with the excipients. The 
resultant mix was compressed into tablets. 



B. WETGRANLII /^J\n^ 



1. , ■ . ■ . 


mg/tablet 


Active ingredient 
Polyvinyl pyrollidone 


50.0 
150.0 
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Polyethylene glycol 


50.0 


Polysorbate 80 


10.0 


Magnesium Stearate Ph Eur 


2.5 


Croscarmellose Sodium 


25.0 


Colloidal Silicon Dioxide 


2.5 


Microcrystalline Cellulose USNF. 


210.0 



The polyvinyl pyrollidone. polyethylene glycol and polysorbate 80 were 
, dissolved in water. The resultant solution was used to granulate the 
_ active ingredient. After drying the granules were screened, then extnjded 

at elevated temperatures and pressures. The extnjdate was milled 

and/or screened then was blended with the microcrystalline cellulose, 
- croscarmellose sodium, colloidal silicon dioxide and magnesium stearate. 

The resultant mix was compressed into tablets. 



2. 


mg/tablet 


Active ingredient 


50.0 


Polysorbate 80 


3.0 


Lactose Ph Eur 


178.0 


Starch BP 


45.0 


Pregelatinised Maize Starch BP 


22.5 


Magnesium Stearate BP 


1.5 



The active ingredient was sieved and blended witlj the lactose, starch 
andrpl^elatinised maize starch. The polysorbate 80 was dissolved in 
P^'^J^lf water. Suitable volumes of the polysorbate 80 solution were 
-added and the powders were granulated. After drying, the granules were 
screened and blended with the magnesium stearate. The granules were 
then compressed into tablets. 



20 



Tablets of other strengths may be prepared by altering the ratio of active 
ingredient to the other excipients. 
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FILM COATFn TAP! FT8 



The aforementioned tablet formulations were film coated. 



Coating Suspension 


% wAw 


Opadry wliitet 
Purified water Ph Eur 


13.2 
to 100.0* 



* The water did not appear in the final product. The maximum theoretical weight 
of solids applied during coating was 20mg/lablet. 



t Opadry white is a proprietary material obtainable from Colorcon Limited, UK 
whlch^cqntains hydroxypropyl^ 

The tablets were film coated using the coating suspension in conventional film 
coating equipment 



CAPSUIFS 



1. 


mg/capsule 


Active ingredient 
Lactose 

Polyvinyl pyroilidone 
Magnesium Stearate 


50.0 
148.5 
100.0 
1.5 


The active ingredient was sieved and blended with the exclpients. The mix was 
filled into size IMo. 1 hard gelatin capsules using suitable equipment 


2. 


mg/capsuie 


Active ingredient 
Microcrystalline Cellulose 
Sodium Lauryl Sulphate 
Crospovidone 
Magnesiurh Stearat 


50.0 
233.5 
3.0 
, 12.0 

1.5 • 
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The active ingredient was sieved and blended witli the excipients. The mix was 
filled into size No. 1 hard gelatin capsules using suitable equipment. 



Other doses , may be prepared by altering the ratio of , active ingredient to 
excipient. the fill vyeight and if necessary changing the capsule size. 





img/capsule 


Active ingredient 
Labrafil M1944CS 


50.0 
to 1.0 ml 



The^ctive ingredient was sieved and blended with the Labrafil. The suspension 
was«fiiled into soft gelatin capsules using appropriate equipment. 

Inhibitorv effect nn r/^iv^p.ppp 

cGMP-PDE activity of compounds of the present invention was measured using 
a one-step assay adapted from Wells at: al, (Wells, J. N., Baird, C. E!, Wu, Y. J. 
and Hardman, J. G., Biochim. Biophys. Acta 384, 430 (1975)). The reaction 
medium contained 56mM Tris-HCI.pH. 7.5, 5mM Mg-acetate, 250Hg/mr 5'-* 
Nucleotidase. ImM EGTA and 0.15^M 8-IH^-cGMP: The enzyme used was a-j! 
human recombinant PDE V (ICOS, Seattle USA). 

Compounds of the invention were dissolved in DMSO finally present at 2% in 
the assay, The incubation time was 30 minutes during which the total substrate .. 
conversion did not exceed 30%.^ ^ V 

The ICgorvafues for the compounds examined were detemiined from 
concentration-response curves using typically concentrations ranging from 10nM 
to lOnM. Tests against other PDE enzymes using standard methodology also 
showed that compounds of the invention are highly selective for the cGMP 
specific PDE enzyme. 

cGMP level measnrpmAgt^ 

Rat aortic smooth muscle cells (RSMC) prepared according to Chamley et al. In 
Cell Tissue Res. IZZ. 503 - 522 (1977) were used between the 10th and 25th 



i 
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passage at confluence in 24-weil culture dishes. Culture media was aspirated 
and replaced with PBS (0.5ml) containing the compound tested at the' 
appropriate concentration. After 30 minutes at 37^C, particulates guanyiate 
cyclase was stimulated by addition of ANF (lOOnM) for 10 minutes. At the end 
5 of incubation, the medium was withdrawn and two extractions were performed 
by addition of 65% ethanol (0.25ml). The two ethanolic extracts were pooled 
and evaporated until dryness, using a Speed-vac system, c-GMP was 
measured after acetylation by scintillation proximity immunoassay 
(AMERSHAM). The EC50 values are expressed as the dose giving half of the 
10 stimulation at saturating concentrations 

Piolggiggl data 

The compounds according to the present invention were typically found to 
15 exhibit an IC50 value of less than 500 nM and an. EC50 value of less than 5 pWI. 
In vitro test data for representative compounds of the invention is given in the 
following table: 



Table 1. In vitro results 



Example No. 


ICsonM 


ECso MM 


i 


15 


0.6 


2 


20 


<1 


3 


30 . 


<1 


4 


8 


<1-. , 


.5 


8 


<1 



20 



The hypotensive effects of compounds according to the invention as identified in 
Table 2 were studied in conscious spontaneously hypertensive rats (SHRs). The 
compounds were administered orally at a dose of 5 mg/kg in a mixture of 5% 
DMF and 95% olive oil. Blood pressure was measured from a catheter inserted 
in the carotid artery and recorded for 5 hours after administration. The results 
aT¥ expressed^' Area^^ 
the fall in. blood pressure over time. 



1 

\ 



'1 
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Table 2. In vivo results 



Example No. 


AUC PO (mmHg.h) 


1 


137 


2 


93 


3 


108 


4 ; '■■ • 


101 


5 


89 
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- C L A I M S 
1. A compound of formula (I) , 



o 




(I) 



and solvates thereof, in which: 

RO represents hydrogen, halogen or.C'\^ alkyi; 
RI represents hydrogen or C-i^alkyl; 
R^ represents the bicyclic ring 




which may be optionally substituted by one or more groups selected from 
halogen and Ci.3alkyl; . 
and . 

R^ represents hydrogen or Ci.3alkyl. 

2. A compound according to Claim 1 wherein RO represents hydrogen. 

3. A compound according to Claim 1 or Claini 2 wherein R1 is selected from 
hydrogen, methyl, and, iso-propyi. 

4. A ^mpound according to any of Claims 1-3 wherein R^ represents 
hydrogen of methyl. 

5. (6R.12aR)-2,3,6.7,12,12a-Hexahydro-6-{5-ben2ofuranyl)-2-methyl-pyra2ino 
[2M ' :6, 1 ]pyridoI3,4-b]indole-1 ,4-dione; 

(6R,12aR)-2,3,6,7,12,12a-Hexahydro-6-(5-ben2ofuranyl)-pyra2ino[2M':8,1] 
pyrido [3,4-b]indole-1,4-dione; 

.(3S, ^6R. 12aR)-2,3i6J,-12r12a-Hexahydro-6-(5-benzofuranyl)-3-methyl- 

pyrazino{2',r:6,1] pyrido [3,4-b]indole-1,4.dione; 



wo 97/03985 



PCT/EP96/03025 



19 

{3S, 6R. .12aR).2,3,6.7,12,12a-Hexahydro-6-(5-ben2ofuranyl)-2.3-dimethyl- 
pyra2ino[2', 1 ':6, 1 ] pyrido l3,4-b]jndole-1 .4-dione; 

(6R, 1 2aR)-2,3,6.7, 1 2, 12a-Hexahydro-6-{5-ben2ofuranyl)-2-isopropyI-pyra2ino 

[2'.r:6,1] pyrido I3.4-bJindole-1,4-dlone; 

and physiologically acceptable solvates thereof. 

6. (6R.12aR)-2,3,6,7.12,12a-Hexahydro-6-{5-benzofuranyl)-2-methyl-pyrazlno 
[2M 'iS, 1 ]pyrido[3,4-bIindole-1 , 4-dione. 

and physiologically acceptable solvates thereof. 

7. -A compound according to any of Claims 1-6 for use in therapy. 

8. A compound according to any of Claims 1-6 for use in the treatment of 
conditions where inhibition of cGMP specific PDE is of therapeutic benefit. 

9. Use of a compound according to any of Claims 1-6 for the manufacture of a 
medicament for the treatment of conditions where inhibition of cGMP. specific 
PDE is of therapeutic benefit. 

1 0. A method of treating^ conditions where inhibition of cGMP specific PDE is of 
therapeutic benefit, in a human or non-human animal body, which comprises 
administering to said body a therapeutically effective amount of a compound 
according to any one of Claims 1-6. 

11. A phamnaceutical composition comprising a compound according to any of 
Claims 1-6, together with a phamiaceutically acceptable diluent or carrier 
therefor. 

12. A process of preparing a phamiaceutical composition comprising a 
compound according to any of Claims 1-6, which process comprises mixing said 
compound together mih a phamiaceutically acceptable diluent or earner 
therefor. 

13. A process (A) for preparing a compound according to Claim 1 comprising 
treating a compound of formula (II) 
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OAlk 



.CHHal. 
T I. 



(II) 



O R- 

in which Alk represents C-i^alkyl, and Hal ls a halogen atom, with a primary 
amine RINH2; or, 

a process (B) comprising hydrogenating a compound of formula (III) 




OAlk 

^Cbz 



(III) 



in which Alk is defined as above and Cbz represents a carbobenzyloxy group, in 
the presence of a catalyst in a suitable solvent such as an alcohol, at elevated 
temperature: or 

a process (C) which comprises process (A) or (B) followed by 
i) an interconversion step; and/or either 
iii) solvate fomnation. 



